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Overview

 Description of receptor models (CMB, PMF, APTR)
« Modeling approach
- Data and receptor models used for analysis
« Source apportionment results
— Allen Park PMF
— CMB results for DEARS Season 1 and 2
— APTR results for DEARS
« Summary and future work

- Office of Research and Development



|th StatCS

U
Environmental Protection
Agency

EPA Receptor Models Applied in DEARS
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- Quantify sources with measured profiles and
calculated profiles from EPA receptor models
—EPA Chemical Mass Balance (CMB) 8.2

« Calculate source profiles and quantify sources
using only sample data
—EPA Positive Matrix Factorization (PMF) 1.1

- ldentify the location of sources and their impact
—EPA Air Pollution Transport to Receptor (APTR) 1.0

- Office of Research and Development
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EPA Chemical Mass Balance (CMB) 8.2

B EPA-CMBB. 2 a
 Data: sample

e ] Z ] > 1 >l J J ‘ | Control File: Samples: 1 Species: 22 Sources: 9 Cukput Format: ASCIT { bxt) - = Default

CO n Ce ntratl O n an d .Inpl;lt Files || Options ] Sample-s ] Spedes ] Sources | Results ]

- - SAMPLE  Site: PAQS-SCH  Date: 6/20/200 Duration: 24 Start Hour: 0 Size: FINE
u n Ce rtal n ty e Stl I l l ateS OPTIONS Iteration Delta: 20 I Britt-Luecke I~ BestFit
] Maximum Source Uncertainty {%o): 20 I~ Source Elimination Result 1 of 1

Minimum Source Projection: 0,95

m e aS u re d S O u rce Decimal Places Displayed: 5 species Fit Array: 1

Units: pgfm? Sources Fit Array: 1

p rOfi I e S a n d p rOfi | e S Main Report | Contributions by Species ] MPIMN Matriz ] Delete Current

FITTING STATISTICS: -
from EPA PMF or EPA g IR
R SOUARE 0.89 % MASS B2.7
CHI SQUARE 3.80 DEGREES FREEDOM 1z
U nl I lIX SOURCE COMTRIBUTION ESTIMATES:
Run
SOURCE
. . EST CODE  MAME SCE(pg/m) std Err Tstat
L4 M I nll I Iul I I nul I Iber Of WYES CIGAR RDGGES 17.19199 3.04434 5.84720
YES EWHTPS FINELD 17.24449 2.59842 2.00554
¥ES EHMLKS FINELE 61.74231 21.45288 2. 87804
- ¥ES CLETON PAQSCOK 15.31165 2.07827 7.36751
Sal I Ip eS_ VES GASLIN OCESGAS — -93.40504  84.12063  -1.11037
YES NFRDSL NFRAQSCI 472.37067 119.58735 3.95001
YES FRYIQ CHRIOFSQ 2004.94434 406.51602 4.93202
WES PTAVRD PAQSCTREU  £84,98126 237.78140 2.88072 = |
5.46303

° Output: diagnostics’ WES PTLEAF PAQSWGDT 253.13351 46.33575

3433.51514

SourCe CO ntributions MEAS;IEED COMCENTEATION FOR SIZE: FIME

7odt- 547.7

and Uncertalntles for Eligible Space Collinearity Display
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eaCh Sample 1/ Singular value
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EPA Positive Matrix Factorization (PMF) 1.1

) EPA PMF 1.1 - Main Menu g@@
° Data Sam p I e Fie Action Help

COnCe ntl‘atlon and EPA Positive Matrix Factorization 1.1

(EPA PMF 1.1)
uncertainty estimates

« Minimum number of | [ [cconoion | [rarsatovconcese e e R I i
I\Krakow\PMF Flex
samples: 50 S

qualifier be less than 10 characters long. Eg: St_Louis,

. Output; diagnostics, e

' {

. # Factors 6 {Suggest 3 to 17 factors) Qualifier 68
source profiles and N T

Status: Run Completed

uncertainties, and oomsees | o | Sl o | |
source contributions

| Input Data Summary ‘ [ View Edit Species Category ‘ Modeling Summary | Stor
v Randam Converged

Species Category Mean Conc. Starting Point G(Robust) Q(True) (Vesho) Run Model

Pl Teak 92312.743 "~ ks 5800.01 6145.24 Yes ~

oc Strong 45816.815 2 5863.77 6087.595 Ye= =

S00T Strong 10806.020 3 5863.81 60E7.93 Yez
NO3 Ftrong 4519.723 4 5863.82 6067.92  Yes

304 Strong 59E5.134 5 5BR3 .58 606AS.15 Ye=

CL Strong 4128.030 [ 5863.68 6065. 10 Tes
ER Strong 23.408 7 5863.59 6065.21 e

NH4 Strong 4130. 494 & 5841.88 6091.90 Yes

L Bad 991.380 =] S5863.65 6065, 14 Yez

K Strong 674.763 10 5863.67 6065.08  Yes Exit

Ch trong 1083,314 > b
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EPA Air Pollution Transport to Receptor (APTR) 1.0

-} EPA APTR 1.0 - CIEX

 Local Transport Data:
. EPA Air Pollution Transport to Receptor (EPA APTR) Platform ‘
sample concentration,
Local Transport Sample Wind Rose Output Sample Local Tranzpart Cutput

mete0r0|ogica| data1 Local Transport Analysis Tool
u n Ce rtal nty eSti m ateS ! C:ﬁ:t:\lf‘:‘::d guantify local source impacts at a receptor location
an d/or SO u rce CO ntri b utl O n - Yiew input data with conditional probability and polar plots

Required Inputs:

eStI m ateS - Air pollutant concentrations or source contributions

- Wind speed and direction

« Regional Transport Data: e
air mass trajectories,

PM 25
I' ,ﬁ.\_
I o e
. & ’;‘-‘Lﬂ
m‘&; ‘
e
®

Lt

. Regional Transport Sample Trajectories Sample Regional Transport Output

sample concentrations or g s e ; S e
R . apabilities: 45N = - 17
SO u rce CO ntrl b Utl O n - Identify and guantify regional source impacts at a receptor AT N 16
. location 15

t [ v trajectoties by date range, ot input dat g
eS Ima eS Claf:;fﬁggﬂrg:ss rajectories by date range, season, or input data W "
. , AN : 13
« Output: impact of local and || oW AW ww

- Air pollutant concentrations or source contributions

regional Sources to a - Air mass hack trajectories (provided for ST sites 2000-2005) ‘ Regional Transport Analysi ‘
re C e p to r | O C ati O n Disclaimer: The United States Environmental Protection &gency through t= Office of Research and Development funded and collaborated in the research described here under

the Contract Mumber GSD-35F-4461G to Lockheed Martin Corporation. This software is now being subjected to external peer-reviewy and is for evaluation purposes only. The
software has not been cleared for distribution by the United States Environmental Protection &gency. Software is guaranteed to be virus free (Symantec Antivirus Corporate
Edition Program: 10.0.2.2021)
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Modeling Approach

« CMB source profile selection based on report for

LADCO (“Integration of Results for the Upper Midwest Urban
Organics Study”, 2006)

- Measured profiles specifically for Detroit area not
available

—Avalilable profiles may not truly represent some sources
Impacting Detroit (in particular local sources)

—PMF model used to obtain industrial source profiles

« APTR modeling conducted to determine local and
regional source impacts

- Office of Research and Development
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Data Used for Analysis

 Allen Park STN Data

—Years 2004 and 2005 (overlap with DEARS)

— Inorganic (XRF), nitrate, organic carbon and elemental carbon
« DEARS Data

— Season 1: July 13 to August 27, 2004
- Total of 32 samples

— Season 2: February 1 to March 19, 2005
- Total of 35 Samples

« Chemical species used in the receptor models
— Inorganic (XRF), organic carbon, and elemental carbon

- Office of Research and Development
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Receptor Models Used for Analysis

- EPAPMF 1.1
— Extract mixed industrial profile and uncertainty
— STN uncertainties are severely under-estimated

- Uncertainty matrix developed by Dr. Jay Turner (Washington
University, St. Louis) using co-located precision data from
Cleveland STN data

-« EPA CMB 8.2
« Only 67 DEARS samples used in analysis
- Motor Vehicle profile weighted (40% diesel and 60% gasoline)
- Mixed Industrial profile obtained from PMF
- APTR 1.0 Model
- Local and regional sources

- Office of Research and Development
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Source Profiles for CMB Analysis

Source Reference
Secondary sulfate | EPA Speciate Database
Gasoline Schauer et al., 2002
Diesel Schauer et al., 1999
Road Dust Rogge et al., 1993

Hidlemann et al., 1991

Biomass Burning Fine et al., 2004

Mixed Industrial PMF results (Allen Park STN data)

- Office of Research and Development
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Uncertainty Matrix (Cleveland Fe Collocated Data)

1.E+00 < '
CLEVELAND COLLOCATED DATA’ K Updated STN
//
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E
(@]
>
>
c 1.E-02
g
@
c
> **Plot provided by
1.E-03 1 Dr. Jay Turner
1.E-04
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(decile average) concentration, ug/m3
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Motor Vehicle Composite Profile

- CMB model could not differentiate between gasoline
and diesel profiles

- Composite profile developed based on Schauer et. al,
2001 report on PMF source contributions from Allen
Park, Ml (2002-2004)

—60% gasoline, 40% diesel

—Weighting factor of 0.60 (gasoline) and 0.40 (diesel) given to
each species in gasoline and diesel profiles

— Species concentrations averaged to obtain composite profile

- Office of Research and Development
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Results — Allen Park PMF

PMF Source Contributions Mixed Industrial Profile
(Allen Park STN Data 2004-2005; n=225) !
Motor
Vehicles 01
18% Secondary g
Iron/Steel Nitrate e
5% 26% '% 0.01
Soil Mixed %
4% Industrial © oot 4
3%
Secondary .
Sulfate/Coal Blomfass 0.0001 - N & * X O or O
Combustion Bzrzr:)'/ng AR A IR JFc
0
32% Species
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CMB Results
DEARS Season 1 and 2 Average Contributions

Season 1 - summer

Mixed

Induostrial Road Dust
6% 6%

Motor
Vehicles
31% Biomass
Burning

28%

Secondary
Sulfate
29%

PMF Biomass — 19.8%

- Office of Research and Development

Season 2 - winter

Mixed
Industrial
10%

Road Dust
3%

Motor _
Vehicles Biomass
25% Burning
38%

Secondary
Sulfate
24%

PMF Biomass — 9.0%
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High Biomass Contributions during DEARS
Compared to STN PMF

« Potassium is a marker for biomass burning and soil

DEARS Season 1 and 2 Potassium Concentrations

0.25
Season 1 Season 2
0.20
- *
w05 *
E . + ¢ *s
f=]
=2
= +
010 - * - .
se T e .
* “*
0.05 See * .t
1 * gt
te &0 ¢ ﬁ&*“
3 *s 2
0.00 . . . . :
12104 BI04 /20404 11/9/04 1272904 FATIOS 4/8/05
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STN APTR Potassium Results — Regional Transport

Filtered Transport Pattern Average Contribution Subplots - K

Season 1: Dec - Feb
Season 2: Mar - May
Season 3: Jun - Aug
Season 4: Sep - Nov
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STI Report: Integration of Results for the Upper
Midwest Urban Organics Study (March 31, 2006)

« Conclusions and Recommendations

— Attribution of burning varied among the analyses, but we are
confident that the range is correct (2 — 25% of organic matter).

—Additional analyses with daily levoglucosan data (in CMB or
PMF) or additional speciated PM, . data including potassium
lon would help increase the certainty, as would development of
area- and fuel-specific burning profiles.

- DEARS

—Daily K and levoglucosan data will reduce the uncertainty
associated with the biomass contribution

- Office of Research and Development
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STN Fe Back-Trajectories (24 hour) for
Concentrations above the 95t Percentile

95th Percentile Value of Fe ; 95th Percentile: 0.26625;
T T
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Regional Sources Impacting Allen Park
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STN Sulfur APTR Results — Regional Transport

Filtered Transport Pattern Average Contribution Subplots - 5

Season 1: Dec - Feb
Season 2: Mar - May
Season 3: Jun - Aug
Season 4: Sep - Nov
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Summary

» Mixed industrial source profile obtained from PMF
results used in CMB modeling

« Primary sources for DEARS Seasons 1 and 2 include
motor vehicles, secondary sulfate, and biomass
burning

« Biomass burning contributions higher than expected

— Average biomass contributions < 2.5% from previous studies
In Allen Park and Dearborn

— Peaks in potassium concentration observed during summer
and winter samples
- No significant events during sampling to support high potassium levels

- Office of Research and Development
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Summary

« APTR Modeling — Local sources

— Zn and Fe (species associated with industries) originated
northeast of Allen Park

— Industrial sectors heavily concentrated northeast of Allen Park

« APTR Modeling — Regional Sources

— Secondary sulfate confirmed as a regional source impacting
Allen Park

—Secondary sulfate concentrations are higher in the vicinity of
the Ohio River Valley

- Office of Research and Development
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Future Work

« Speciated organics analysis on DEARS samples
—Assist in separating diesel and gasoline contributions
—Biomass contribution

« Replacing industrial source profiles in CMB

—Source samples collected from various operations at US Steel
Facility as part of EPA study in St. Louis area

—Sources will be resuspended and analyzed for various
compounds (organics and inorganics)

- CMB analysis will be conducted on DEARS outdoor
samples to evaluate spatial variability

- Analysis of Seasons 1-6 data with the Multilinear
Engine Multiple Environment Receptor Model

- Office of Research and Development
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